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APRI

:   aspartate aminotransferase to platelet ratio index

CCI

:   Charlson Comorbidity Index

CVD

:   cardiovascular disease

DAA

:   direct‐acting antiviral

EHM

:   extrahepatic manifestation

HCV

:   hepatitis C virus

ICD‐9

:   International Classification of Diseases, Ninth Edition

ICD‐10

:   International Classification of Diseases, Tenth Revision

Q1

:   first quarter (of a year)

SD

:   standard deviation

Introduction {#hep41049-sec-0001}
============

Hepatitis C virus (HCV) infection is one of the most common blood‐borne virus infections, affecting approximately 2.7 million to 3.9 million people in the United Sates.[1](#hep41049-bib-0001){ref-type="ref"} HCV becomes chronic in up to 85% of infected individuals,[2](#hep41049-bib-0002){ref-type="ref"} placing patients at risk of developing severe hepatic complications, such as cirrhosis, hepatocellular carcinoma, and liver failure.[2](#hep41049-bib-0002){ref-type="ref"}, [3](#hep41049-bib-0003){ref-type="ref"} Besides hepatic complications, HCV infection has also been associated with numerous extrahepatic manifestations (EHMs) that are secondary to HCV‐related inflammatory responses and/or autoimmune reactions.[4](#hep41049-bib-0004){ref-type="ref"}, [5](#hep41049-bib-0005){ref-type="ref"} Previously established or hypothesized EHMs for patients with HCV include mixed cryoglobulinemia, non‐Hodgkin lymphoma, type 2 diabetes mellitus, depression, renal insufficiency, cognitive impairments, head and neck cancer, cardiovascular disease (CVD), and atherosclerosis.[6](#hep41049-bib-0006){ref-type="ref"}, [7](#hep41049-bib-0007){ref-type="ref"}, [8](#hep41049-bib-0008){ref-type="ref"}, [9](#hep41049-bib-0009){ref-type="ref"}, [10](#hep41049-bib-0010){ref-type="ref"}, [11](#hep41049-bib-0011){ref-type="ref"}, [12](#hep41049-bib-0012){ref-type="ref"} Although up to 74% of patients with HCV have been reported to experience at least one EHM,[7](#hep41049-bib-0007){ref-type="ref"} no single study has assessed the risk of a comprehensive list of EHMs.[6](#hep41049-bib-0006){ref-type="ref"}

Several studies assessing the all‐cause economic burden of HCV have found these costs to be substantial[13](#hep41049-bib-0013){ref-type="ref"}, [14](#hep41049-bib-0014){ref-type="ref"}, [15](#hep41049-bib-0015){ref-type="ref"}, [16](#hep41049-bib-0016){ref-type="ref"}, [17](#hep41049-bib-0017){ref-type="ref"}; however, none of these studies have separated the economic burden attributable to EHMs in their estimates. To the best of our knowledge, the only evidence on the economic burden of HCV‐related EHMs is from an economic model study in the United States. That study estimated the total direct medical costs associated with nine EHMs (including kidney disease, diabetes, and B‐cell lymphoma) at approximately \$1.5 billion, with total per patient per year costs associated with specific EHMs ranging from \$127 for lichen planus to \$5,589 for stroke (CVD, \$4,066; type 2 diabetes, \$2,903; depression, \$2,201; chronic kidney disease excluding end‐stage liver disease, \$189).[18](#hep41049-bib-0018){ref-type="ref"}

The treatment landscape for HCV is rapidly evolving, with several direct‐acting antiviral agents (DAAs) being effective in achieving high levels of sustained virologic response.[19](#hep41049-bib-0019){ref-type="ref"} However, the impact of treatment on the economic burden associated with HCV‐related EHMs remains unclear, and whether such impact would differ should patients be treated earlier versus later in their fibrosis stages has not been assessed.

This study aims to provide a more comprehensive understanding of the risks and medical costs of EHMs among patients with HCV in the United States as well as the role of treatment in different stages of liver fibrosis for mitigating these clinical and economic burdens.

Patients and Methods {#hep41049-sec-0002}
====================

DATA SOURCES {#hep41049-sec-0003}
------------

We used data from the Optum Claims Data‐Clinformatics Data Mart, a closed system of de‐identified health claims data that includes over 15 million lives annually and contains patients' medical, prescription drug, laboratory, and eligibility information since 2007. The geographically diverse data come from a large national U.S. health insurer and was collected for all patients diagnosed with chronic HCV from the first quarter (Q1)/2009‐Q1/2016 and a random sample of 500,000 patients from the general population in the same period. Data are certified as de‐identified and comply with the Health Insurance Portability and Accountability Act requirements.

STUDY DESIGN AND STUDY COHORTS {#hep41049-sec-0004}
------------------------------

### Risks of EHMs in HCV and Associated Medical Costs {#hep41049-sec-0005}

A retrospective cross‐sectional design was used to assess risks for EHMs in HCV patients, and a retrospective cohort design was used to compare the medical costs between patients with and without HCV ([Supporting Fig. S1](http://onlinelibrary.wiley.com/doi/10.1002/hep4.1049/suppinfo)). Adult patients with at least two HCV diagnoses (HCV cohort; n = 17,054) were matched 1:5 on age, sex, region, and availability of laboratory data to HCV‐free adults from the random sample of the general population (no‐HCV cohort; n = 85,270; Fig. [1](#hep41049-fig-0001){ref-type="fig"}; [Supporting Fig. S1](http://onlinelibrary.wiley.com/doi/10.1002/hep4.1049/suppinfo)). HCV was identified based on International Classification of Disease, Ninth Edition (ICD‐9) diagnosis codes 070.44 and 070.54 and ICD‐10 diagnosis code B18.2. All patients were required to have continuous health plan eligibility for at least 6 months before and 12 months after an index date selected randomly from all dates with an HCV diagnosis (HCV cohort; to ensure the inclusion of prevalent cases of HCV) or all dates of observation (no‐HCV cohort). EHMs were assessed in the two cohorts from 6 months before to 12 months after the index date. Annualized medical costs were assessed from the index date to the end of patient follow‐up, defined across the study as the end of health care insurance coverage or the end of data availability (March 31, 2016), whichever occurred first. Patient baseline characteristics were assessed in the 6 months prior to the index date.

![Sample selection showing matched HCV versus no‐HCV cohorts. \*Patients without any HCV diagnosis from Q1 2009 to Q1 2015 or patients who had a single HCV diagnosis with more than six months of follow‐up after this diagnosis (if the initiation HCV diagnosis was not followed within six months by another diagnosis it is likely that the initial diagnosis was linked to a test / exam for HCV and not to a confirmed HCV diagnosis).](HEP4-1-439-g001){#hep41049-fig-0001}

### Impact of Treatment on EHM‐Associated Medical Costs {#hep41049-sec-0006}

A retrospective cohort design was used to compare the medical costs between treated and untreated time in patients newly diagnosed with HCV ([Supporting Fig. S2](http://onlinelibrary.wiley.com/doi/10.1002/hep4.1049/suppinfo)). Patients were considered to have newly diagnosed HCV if their first HCV diagnosis in the data was after 6 or more months of continuous health plan eligibility (i.e., washout period). For this analysis, the date of the first HCV diagnosis was defined as the index date, and medical costs were assessed from the index date to the end of patient follow‐up. Patients who initiated HCV treatment (e.g., interferon, ribavirin, DAAs) between the index date and the end of follow‐up were included in the treated cohort (n = 6,827; 11,473 person‐years posttreatment), while the remaining patients were included in the untreated cohort (n = 21,358; 44,715 person‐years postdiagnosis; Fig. [2](#hep41049-fig-0002){ref-type="fig"}; [Supporting Fig. S2](http://onlinelibrary.wiley.com/doi/10.1002/hep4.1049/suppinfo)). Medical costs incurred by the treated patients between the index date and treatment initiation (i.e., during the period when they were untreated; 8,523 person‐years) were added to the calculation of the medical costs in the untreated patients. Patients were required to have at least 6 months of continuous health care insurance coverage from 6 months prior to the index date to 1 month after the index date (untreated cohort) or to 1 month after the date of HCV treatment initiation (treated cohort). Patient baseline characteristics were assessed in the 6 months prior to the index date (untreated time) and the 6 months prior to the HCV treatment initiation (treated time).

![Sample selection showing treated versus untreated cohorts and early versus delayed‐treatment cohorts. \*HCV treatment was identified using the prescription drug claims portion of the database based on National Drug Codes (NDC) specific to currently available HCV treatments and, where applicable, on Healthcare Common Procedure Coding System (HCPCS) procedure codes from the medical claims portion of the database. †Patients with an APRI score \> 1.0 were considered to have fibrosis F3‐F4 by METAVIR criteria (Lin et al. Hepatology 2011).](HEP4-1-439-g002){#hep41049-fig-0002}

### Impact of Treatment in Earlier Versus Later Fibrosis Stages on EHM‐Associated Medical Costs {#hep41049-sec-0007}

A retrospective cohort design was used to compare the medical costs between patients newly diagnosed with HCV who initiated treatment in early METAVIR fibrosis stages F0‐F2 (early treatment) versus late fibrosis stages F3‐F4 (delayed treatment;[Supporting Fig. S3](http://onlinelibrary.wiley.com/doi/10.1002/hep4.1049/suppinfo)). The analysis was conducted among the subset of patients in the treated cohort who had laboratory measurements needed to ascertain fibrosis stage (i.e., aspartate aminotransferase and platelet counts, which were used to measure the aspartate aminotransferase to platelet ratio index \[APRI\])[20](#hep41049-bib-0020){ref-type="ref"}, [21](#hep41049-bib-0021){ref-type="ref"} at the time of treatment initiation (index date). Patients with an APRI score ≥1[20](#hep41049-bib-0020){ref-type="ref"} and/or an ICD‐9/10 diagnosis for a condition suggestive of advanced liver disease (i.e., cirrhosis of the liver, esophageal varices, spontaneous bacterial peritonitis, hepatic encephalopathy, portal hypertension, hepatorenal syndrome, ascites) from the initial HCV diagnosis up to 6 months after the index date were considered to be in late‐stage fibrosis at the time of treatment initiation (i.e., METAVIR fibrosis stage F3‐F4) and were included in the delayed‐treatment cohort (n = 1,885). Patients with an APRI \<1 and with no diagnosis for advanced liver disease over the same period were considered to be in early stage fibrosis at the time of treatment initiation (i.e., METAVIR fibrosis stage F0‐F2) and were included in the early treatment cohort (n = 1,779; Fig. [2](#hep41049-fig-0002){ref-type="fig"}; [Supporting Fig. S3](http://onlinelibrary.wiley.com/doi/10.1002/hep4.1049/suppinfo)). Medical costs were assessed from the index date to the end of patient follow‐up. Patient baseline characteristics were assessed in the 6 months prior to the index date.

 {#hep41049-sec-0008}

STUDY OUTCOMES AND STATISTICAL ANALYSES {#hep41049-sec-0009}
---------------------------------------

### Risks of EHMs in HCV {#hep41049-sec-0010}

Twenty EHMs were investigated in this study, including well‐documented HCV‐related EHMs (e.g., CVD, metabolic conditions, kidney disease) as well as EHMs hypothesized to be associated with HCV given the inflammatory processes that can be triggered by the HCV infection[5](#hep41049-bib-0005){ref-type="ref"} (e.g., psoriasis, fibromyalgia, celiac disease, irritable bowel syndrome, and gastroesophageal reflux disease). Patients living with the selected EHMs were identified in the HCV and no‐HCV cohorts based on EHM‐specific ICD‐9/10 diagnosis codes (prevalent cases of EHM). The risks of these EHMs were compared between the HCV and the matched no‐HCV cohorts using odds ratios (ORs) and 95% confidence intervals (CIs) estimated from conditional logistic regression models accounting for matching one model for each EHM outcome. ORs are presented both unadjusted and adjusted for the conditions included in the Charlson Comorbidity Index (CCI), with the exception of conditions related to the study cohort definition (i.e., HCV infection) and conditions related to the outcome of the regression model (e.g., malignancy was not included in the model for malignancy risk).

### Medical Costs {#hep41049-sec-0011}

Medical costs investigated in this study included EHM‐related medical costs, HCV and/or hepatic complications‐related medical costs, and all‐cause medical costs. We did not directly estimate the cost of HCV treatment because drugs used at the beginning of the study period (e.g., interferon, ribavirin) had lower costs than the DAA treatments that are currently available to the patients. For discussion purposes, the study relied on the wholesale acquisition cost of a 12‐week course of treatment with the newer DAAs; this cost ranges from \$55,000 to \$147,000.[22](#hep41049-bib-0022){ref-type="ref"} EHM and HCV/hepatic complications‐related medical costs were estimated from claims with ICD‐9/10 diagnosis codes identifying the conditions of interest. Hepatic complications included cirrhosis of the liver, esophageal varices, spontaneous bacterial peritonitis, hepatic encephalopathy (liver failure), portal hypertension, ascites, splenomegaly, hepatorenal syndrome, hepatocellular carcinoma, porphyria cutanea tarda, and liver transplantation. The cost of a claim associated with diagnosis codes for both hepatic complication(s) and one or more EHMs (i.e., overlapping claims) was attributed to both hepatic and EHM‐related costs.

Medical costs were calculated as average charged amounts and adjusted to Q1 2016 U.S. dollars. Costs were weighted for each patient based on the length of follow‐up, such that patients with longer follow‐up were given more weight in the analyses, and were reported on an annual basis (per patient per year). Medical costs were compared between the study cohorts (HCV versus no‐HCV, treated versus untreated, early versus delayed treatment) using mean cost differences estimated from unadjusted and adjusted two‐part regression models.

All regression models for costs were adjusted for comorbidities known to be associated with high costs (i.e., other CVD, organ transplant, epilepsy, and obesity) and for conditions included in the CCI, with the exception of conditions related to the study cohort definition and conditions related to the outcome of the regression model. Cost models for treated versus untreated cohorts and early versus delayed‐treatment cohorts were also adjusted for the matching variables used for the HCV and no‐HCV cohorts. In addition, the fibrosis stage was included as an adjustment variable in the model for treated versus untreated cohorts as a covariate with three categories: fibrosis stage F3‐F4, fibrosis stage F0‐F2, and unknown fibrosis status.

### Other Statistical Analyses {#hep41049-sec-0012}

Patient characteristics were described using means ± SD, medians, and proportions. For the comparison of patient characteristics between the matched HCV and no‐HCV cohorts, *P* values were calculated from univariate regression models that account for matching (generalized linear regressions for continuous variables and conditional logistic regressions for categorical variables). Comparisons of patient characteristics between treated and untreated patients were based on Wilcoxon and chi‐square tests.

Results {#hep41049-sec-0013}
=======

DESCRIPTION OF STUDY COHORTS {#hep41049-sec-0014}
----------------------------

Patient characteristics are described in Table [1](#hep41049-tbl-0001){ref-type="table-wrap"} for all cohorts. Matching variables had the same distribution in the HCV and no‐HCV cohorts (mean age, 53 years; 63.0% males). Despite statistically significant differences (due to large samples), there were no clinically important differences between cohorts other than a few noteworthy exceptions. First, the overall disease burden, measured by the CCI, was higher in the HCV versus the no‐HCV cohort (mean 1.6 versus 0.4), in the untreated versus the treated cohort (mean 1.1 versus 0.9), and the delayed‐treatment versus the early treatment cohort (mean 2.3 versus 1.6). Second, untreated patients were less likely than treated patients to have laboratory data (60.8% versus 76.6%) and to have an index date after year 2011 (46.9% versus 58.9%). Third, there were fewer male patients in the early treatment cohort compared to the delayed‐treatment cohort (60.6% versus 70.1%; *P* \< 0.05 for all; Table [1](#hep41049-tbl-0001){ref-type="table-wrap"}). Length of the postindex follow‐up was between 1.6 and 2.5 years for all cohorts.

###### 

COMPARISON OF PATIENT CHARACTERISTICS BETWEEN STUDY COHORTS

                                                                                           Patients With Prevalent HCV and Matched HCV‐Free Controls                         Patients With Newly Diagnosed HCV                               Treated Patients With Newly Diagnosed HCV and Laboratory Data                                                                                          
  ---------------------------------------------------------------------------------------- ----------------------------------------------------------- --------------------- ----------------------------------------- --------------------- --------------------------------------------------------------- ----------------------------------------- ---------------------- --------------------- -----------------------------------------
  Age[c](#hep41049-note-0005){ref-type="fn"} (years), mean ± SD \[median\]                 53.0 ± 11.7 \[55.0\]                                        52.9 ± 9.8 \[55.0\]   [b](#hep41049-note-0004){ref-type="fn"}   52.2 ± 9.4 \[54.0\]   52.5 ± 10.1 \[54.0\]                                            [a](#hep41049-note-0003){ref-type="fn"}   52.0 ± 10.5 \[54.0\]   55.4 ± 8.3 \[57.0\]   [a](#hep41049-note-0003){ref-type="fn"}
  Males, n (%)                                                                             53,715 (63.0%)                                              10,743 (63.0%)        [b](#hep41049-note-0004){ref-type="fn"}   4,503 (66.0%)         13,566 (63.5%)                                                  [a](#hep41049-note-0003){ref-type="fn"}   1,078 (60.6%)          1,321 (70.1%)         [a](#hep41049-note-0003){ref-type="fn"}
  Region[d](#hep41049-note-0006){ref-type="fn"}, n (%)                                                                                                                                                                                                                                                                                                                                              
  Northeast                                                                                8,020 (9.4%)                                                1,604 (9.4%)          [b](#hep41049-note-0004){ref-type="fn"}   602 (8.8%)            1,947 (9.1%)                                                                                              137 (7.7%)             130 (6.9%)            
  Midwest                                                                                  14,680 (17.2%)                                              2,936 (17.2%)         [b](#hep41049-note-0004){ref-type="fn"}   1,260 (18.5%)         3,635 (17.0%)                                                   [a](#hep41049-note-0003){ref-type="fn"}   164 (9.2%)             151 (8.0%)            
  South                                                                                    47,310 (55.5%)                                              9,462 (55.5%)         [b](#hep41049-note-0004){ref-type="fn"}   3,855 (56.5%)         12,044 (56.4%)                                                                                            1,191 (66.9%)          1,332 (70.7%)         [a](#hep41049-note-0003){ref-type="fn"}
  West                                                                                     15,260 (17.9%)                                              3,052 (17.9%)         [b](#hep41049-note-0004){ref-type="fn"}   1,105 (16.2%)         3,719 (17.4%)                                                   [a](#hep41049-note-0003){ref-type="fn"}   286 (16.1%)            272 (14.4%)           
  Unknown                                                                                                                                                                                                              5 (0.1%)              13 (0.1%)                                                                                                 1 (0.1%)               0 (0.0%)              
  Lab data available, n (%)                                                                54,705 (64.2%)                                              10,941 (64.2%)        [b](#hep41049-note-0004){ref-type="fn"}   5,230 (76.6%)         12,981 (60.8%)                                                  [a](#hep41049-note-0003){ref-type="fn"}   531 (100.0%)           3,133 (100.0%)        ‐
  Type of health plan, n (%)                                                                                                                                                                                                                                                                                                                                                                        
  Point of service                                                                         63,473 (74.4%)                                              12,395 (72.7%)        [a](#hep41049-note-0003){ref-type="fn"}   5,104 (74.8%)         15,019 (70.3%)                                                  [a](#hep41049-note-0003){ref-type="fn"}   1,331 (74.8%)          1,349 (71.6%)         [a](#hep41049-note-0003){ref-type="fn"}
  Other[e](#hep41049-note-0007){ref-type="fn"}                                             21,797 (25.6%)                                              4,659 (27.3%)         [a](#hep41049-note-0003){ref-type="fn"}   1,723 (25.2%)         6,339 (29.7%)                                                   [a](#hep41049-note-0003){ref-type="fn"}   448 (25.2%)            536 (28.4%)           [a](#hep41049-note-0003){ref-type="fn"}
  Calendar year[c](#hep41049-note-0005){ref-type="fn"} ≥ 2011, n (%)                       60,041 (70.4%)                                              11,496 (67.4%)        [a](#hep41049-note-0003){ref-type="fn"}   4,022 (58.9%)         10,015 (46.9%)                                                  [a](#hep41049-note-0003){ref-type="fn"}   1,469 (82.6%)          1,527 (81.0%)         
  Charlson Comorbidity Index[f](#hep41049-note-0008){ref-type="fn"} mean ± SD \[median\]   0.4 ± 1.0 \[0.0\]                                           1.6 ± 1.8 \[1.0\]     [a](#hep41049-note-0003){ref-type="fn"}   0.9 ± 1.5 \[0.0\]     1.1 ± 1.8 \[0.0\]                                               [a](#hep41049-note-0003){ref-type="fn"}   1.6 ± 1.3 \[1.0\]      2.3 ± 1.9 \[1.0\]     [a](#hep41049-note-0003){ref-type="fn"}

Differences between cohorts statistically significant at α = 0.05.

*P‐*value estimation for difference between cohorts not applicable due to matching.

Measured at the index date of each sample. The HCV cohort index date was selected randomly from all days with an HCV diagnosis; the No‐HCV cohort index date was selected randomly from all days more than 6 months after the beginning of the eligibility period; the treated versus untreated cohorts index date was defined as the day of first HCV diagnosis; the early versus delayed‐treatment cohort index date was defined as the day of treatment initiation.

Database provides patient geographic location provided by state. Defining by region using U.S. census definitions. United States Census Bureau. Census regions and divisions of the United States. <http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf>. Accessed June 22, 2016.

Includes Exclusive Provider Organization (EPO), Health Maintenance Organization (HMO), Preferred Provider Organization (PPO), Indemnity and other plans.

Measured in the 6 months prior to the index date.

RISKS OF EHMS IN HCV AND ASSOCIATED MEDICAL COSTS {#hep41049-sec-0015}
-------------------------------------------------

Compared with the patients in the matched no‐HCV cohort, patients in the HCV cohort exhibited significantly greater risks, both for any EHM (70.2% versus 52.2%; adjusted OR, 2.23; *P \< *0.05; Table [2](#hep41049-tbl-0002){ref-type="table-wrap"}) and for 17 of the 20 EHMs analyzed. EHMs that affected \> 5% of the patients with HCV and had more than 2‐fold higher risk in the HCV compared to the no‐HCV cohort included kidney disease (9.4% versus 3.5%; adjusted OR, 2.58) and depression (16.9% versus 7.9%; adjusted OR, 2.26).

###### 

CLINICAL BURDEN OF HCV SHOWING THE EHM RISK IN THE MATCHED HCV VERSUS NO‐HCV COHORTS

                                                                        Frequency of Specific EHMs n (%)   Odds Ratio HCV Versus No‐HCV Cohorts (95% CI)                                                              
  --------------------------------------------------------------------- ---------------------------------- ----------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------
  Cardiovascular disease                                                12,020 (14.1%)                     3,853 (22.6%)                                   1.83 (1.76, 1.91)[a](#hep41049-note-0009){ref-type="fn"}   1.64 (1.57, 1.71)[a](#hep41049-note-0009){ref-type="fn"}
  Metabolic conditions[b](#hep41049-note-0010){ref-type="fn"}           13,844 (16.2%)                     3,495 (20.5%)                                   1.35 (1.29, 1.41)[a](#hep41049-note-0009){ref-type="fn"}   1.26 (1.20, 1.31)[a](#hep41049-note-0009){ref-type="fn"}
  Type 2 diabetes mellitus                                              13,271 (15.6%)                     3,415 (20.0%)                                   1.38 (1.32, 1.44)[a](#hep41049-note-0009){ref-type="fn"}   1.28 (1.23, 1.34)[a](#hep41049-note-0009){ref-type="fn"}
  Insulin resistance                                                    896 (1.1%)                         146 (0.9%)                                      0.81 (0.68, 0.97)[a](#hep41049-note-0009){ref-type="fn"}   0.80 (0.67, 0.96)[a](#hep41049-note-0009){ref-type="fn"}
  Kidney disease[b](#hep41049-note-0010){ref-type="fn"}                 2,960 (3.5%)                       1,608 (9.4%)                                    2.98 (2.79, 3.18)[a](#hep41049-note-0009){ref-type="fn"}   2.58 (2.40, 2.77)[a](#hep41049-note-0009){ref-type="fn"}
  Nephritis/Nephrotic syndrome /Nephrosis                               1,493 (1.8%)                       1,062 (6.2%)                                    3.79 (3.49, 4.11)[a](#hep41049-note-0009){ref-type="fn"}   3.22 (2.94, 3.54)[a](#hep41049-note-0009){ref-type="fn"}
  Chronic kidney disease                                                2,303 (2.7%)                       1,200 (7.0%)                                    2.80 (2.60, 3.01)[a](#hep41049-note-0009){ref-type="fn"}   2.39 (2.20, 2.59)[a](#hep41049-note-0009){ref-type="fn"}
  Auto‐immune conditions[b](#hep41049-note-0010){ref-type="fn"}         2,218 (2.6%)                       758 (4.4%)                                      1.75 (1.60, 1.90)[a](#hep41049-note-0009){ref-type="fn"}   1.70 (1.56, 1.86)[a](#hep41049-note-0009){ref-type="fn"}
  Celiac disease                                                        133 (0.2%)                         66 (0.4%)                                       2.49 (1.85, 3.34)[a](#hep41049-note-0009){ref-type="fn"}   2.39 (1.75, 3.25)[a](#hep41049-note-0009){ref-type="fn"}
  Inflammatory bowel disease                                            766 (0.9%)                         296 (1.7%)                                      1.95 (1.70, 2.23)[a](#hep41049-note-0009){ref-type="fn"}   1.81 (1.57, 2.08)[a](#hep41049-note-0009){ref-type="fn"}
  Psoriasis                                                             1,344 (1.6%)                       408 (2.4%)                                      1.53 (1.37, 1.71)[a](#hep41049-note-0009){ref-type="fn"}   1.56 (1.39, 1.75)[a](#hep41049-note-0009){ref-type="fn"}
  Malignancy[b](#hep41049-note-0010){ref-type="fn"}                     2,152 (2.5%)                       533 (3.1%)                                      1.25 (1.14, 1.38)[a](#hep41049-note-0009){ref-type="fn"}   1.21 (1.10, 1.34)[a](#hep41049-note-0009){ref-type="fn"}
  Non‐Hodgkin\'s lymphoma                                               424 (0.5%)                         196 (1.1%)                                      2.33 (1.97, 2.77)[a](#hep41049-note-0009){ref-type="fn"}   2.23 (1.87, 2.66)[a](#hep41049-note-0009){ref-type="fn"}
  Prostate cancer                                                       1,234 (1.4%)                       199 (1.2%)                                      0.80 (0.69, 0.93)[a](#hep41049-note-0009){ref-type="fn"}   0.79 (0.67, 0.92)[a](#hep41049-note-0009){ref-type="fn"}
  Head and neck cancers                                                 236 (0.3%)                         95 (0.6%)                                       2.02 (1.59, 2.56)[a](#hep41049-note-0009){ref-type="fn"}   2.09 (1.62, 2.69)[a](#hep41049-note-0009){ref-type="fn"}
  Thyroid cancer                                                        278 (0.3%)                         36 (0.2%)                                       0.65 (0.46, 0.92)[a](#hep41049-note-0009){ref-type="fn"}   0.65 (0.46, 0.93)[a](#hep41049-note-0009){ref-type="fn"}
  Esophageal cancer                                                     35 (0.0%)                          27 (0.2%)                                       3.86 (2.33, 6.37)[a](#hep41049-note-0009){ref-type="fn"}   4.48 (2.58, 7.75)[a](#hep41049-note-0009){ref-type="fn"}
  Neuromuscular manifestations[b](#hep41049-note-0010){ref-type="fn"}   19,020 (22.3%)                     5,659 (33.2%)                                   1.76 (1.70, 1.83)[a](#hep41049-note-0009){ref-type="fn"}   1.68 (1.62, 1.74)[a](#hep41049-note-0009){ref-type="fn"}
  Chronic fatigue syndrome/Fatigue                                      15,708 (18.4%)                     4,842 (28.4%)                                   1.79 (1.72, 1.86)[a](#hep41049-note-0009){ref-type="fn"}   1.70 (1.63, 1.77)[a](#hep41049-note-0009){ref-type="fn"}
  Fibromyalgia                                                          4,935 (5.8%)                       1,440 (8.4%)                                    1.51 (1.42, 1.61)[a](#hep41049-note-0009){ref-type="fn"}   1.47 (1.38, 1.56)[a](#hep41049-note-0009){ref-type="fn"}
  Parkinson\'s disease                                                  166 (0.2%)                         43 (0.3%)                                       1.30 (0.93, 1.82)                                          1.19 (0.83, 1.70)
  Other[b](#hep41049-note-0010){ref-type="fn"}                          18,190 (21.3%)                     6,216 (36.4%)                                   2.15 (2.08, 2.23)[a](#hep41049-note-0009){ref-type="fn"}   2.03 (1.95, 2.10)[a](#hep41049-note-0009){ref-type="fn"}
  Irritable bowel syndrome                                              1,291 (1.5%)                       343 (2.0%)                                      1.34 (1.19, 1.51)[a](#hep41049-note-0009){ref-type="fn"}   1.31 (1.16, 1.48)[a](#hep41049-note-0009){ref-type="fn"}
  Cognitive impairment                                                  387 (0.5%)                         161 (0.9%)                                      2.11 (1.75, 2.54)[a](#hep41049-note-0009){ref-type="fn"}   1.91 (1.55, 2.37)[a](#hep41049-note-0009){ref-type="fn"}
  Depression                                                            6,773 (7.9%)                       2,885 (16.9%)                                   2.40 (2.29, 2.52)[a](#hep41049-note-0009){ref-type="fn"}   2.26 (2.15, 2.38)[a](#hep41049-note-0009){ref-type="fn"}
  Gastroesophageal reflux disease                                       12,284 (14.4%)                     4,034 (23.7%)                                   1.86 (1.79, 1.94)[a](#hep41049-note-0009){ref-type="fn"}   1.75 (1.68, 1.83)[a](#hep41049-note-0009){ref-type="fn"}
  Any of the above listed EHMs, n (%)                                   44,510 (52.2%)                     11,971 (70.2%)                                  2.29 (2.21, 2.38)[a](#hep41049-note-0009){ref-type="fn"}   2.23 (2.15, 2.31)[a](#hep41049-note-0009){ref-type="fn"}

*P* \< 0.05.

Any of the specific EHMs listed in the category.

The annualized medical costs were significantly higher for patients in the HCV cohort compared to patients in the no‐HCV cohort for all cost components analyzed. The mean annual all‐cause medical cost was \$43,891 in the HCV cohort versus \$17,989 in the no‐HCV cohort, corresponding to an unadjusted mean difference of \$25,901 and an adjusted mean difference of \$13,933 (*P \< *0.05 for both; Table [3](#hep41049-tbl-0003){ref-type="table-wrap"}). The divergence between the two cost‐difference estimates was largely driven by the adjustment for liver diseases. Because liver disease is more prevalent in patients with HCV than those without HCV (29% versus 0%), there are more excess costs due to liver disease in the HCV than the no‐HCV cohort. As a result, the excess costs associated with HCV are greater in the unadjusted analyses than in the adjusted analyses.

###### 

ECONOMIC BURDEN OF HCV SHOWING CHARGED MEDICAL COSTS IN THE MATCHED HCV VERSUS NO‐HCV COHORTS

                                                                                         Weighted Mean Medical Costs per Patient per Year (2016 US\$)   Weighted Two‐Part Regression                                                                    
  -------------------------------------------------------------------------------------- -------------------------------------------------------------- ------------------------------ ---------------------------------------------------------------- ----------------------------------------------------------------
  Total all‐cause medical costs                                                          17,989 ± 171                                                   43,891 ± 398                   25,901 (24,932; 26,732)[a](#hep41049-note-0011){ref-type="fn"}   13,933 (13,248; 14,620)[a](#hep41049-note-0011){ref-type="fn"}
  EHM‐related cost, any EHM (Table [1](#hep41049-tbl-0001){ref-type="table-wrap"})       6,550 ± 117                                                    17,416 ± 277                   10,866 (10,246; 11,488)[a](#hep41049-note-0011){ref-type="fn"}   6,458 (5,930; 7,055)[a](#hep41049-note-0011){ref-type="fn"}
  Associated with diagnoses for EHMs but not HCV/liver disease (nonoverlapping claims)   6,450 ± 114                                                    13,432 ± 238                   6,982 (6,507; 7,526)[a](#hep41049-note-0011){ref-type="fn"}      5,104 (4,589; 5,712)[a](#hep41049-note-0011){ref-type="fn"}
  Associated with diagnoses for both EHMs and HCV/liver disease (overlapping claims)     101 ± 13                                                       3,984 ± 121                    3,884 (3,586; 4,162)[a](#hep41049-note-0011){ref-type="fn"}      3,703 (3,453; 3,940)[a](#hep41049-note-0011){ref-type="fn"}
  EHM‐related cost, selected specific EHMs                                                                                                                                                                                                              
  Cardiovascular disease[b](#hep41049-note-0012){ref-type="fn"}                          2,362 ± 57                                                     4,387 ± 111                    2,025 (1,786; 2,228)[a](#hep41049-note-0011){ref-type="fn"}      1,062 (873; 1,270)[a](#hep41049-note-0011){ref-type="fn"}
  Metabolic conditions                                                                   1,222 ± 26                                                     2,511 ± 47                     1,289 (1,201; 1,379)[a](#hep41049-note-0011){ref-type="fn"}      527 (428; 634)[a](#hep41049-note-0011){ref-type="fn"}
  Kidney disease[b](#hep41049-note-0012){ref-type="fn"}                                  1,878 ± 92                                                     9,317 ± 240                    7,439 (6,953; 7,982)[a](#hep41049-note-0011){ref-type="fn"}      4,024 (3,531; 4,548)[a](#hep41049-note-0011){ref-type="fn"}
  Auto‐immune conditions[b](#hep41049-note-0012){ref-type="fn"}                          222 ± 15                                                       299 ± 15                       77 (44; 114)[a](#hep41049-note-0011){ref-type="fn"}              32 (1; 69)
  Malignancy[b](#hep41049-note-0012){ref-type="fn"}                                      605 ± 33                                                       861 ± 42                       256 (172; 339)[a](#hep41049-note-0011){ref-type="fn"}            123 (27; 209)[a](#hep41049-note-0011){ref-type="fn"}
  Neuromuscular manifestations[b](#hep41049-note-0012){ref-type="fn"}                    315 ± 9                                                        629 ± 38                       314 (231; 419)[a](#hep41049-note-0011){ref-type="fn"}            200 (170; 241)[a](#hep41049-note-0011){ref-type="fn"}
  Depression                                                                             248 ± 13                                                       610 ± 19                       361 (326; 402)[a](#hep41049-note-0011){ref-type="fn"}            318 (274; 369)[a](#hep41049-note-0011){ref-type="fn"}
  GERD                                                                                   737 ± 16                                                       1,142 ± 22                     405 (357; 453)[a](#hep41049-note-0011){ref-type="fn"}            318 (269; 367)[a](#hep41049-note-0011){ref-type="fn"}
  HCV and/or hepatic complications‐related cost                                          240 ± 21                                                       11,650 ± 206                   11,409 (10,938; 11,801)[a](#hep41049-note-0011){ref-type="fn"}   9,366 (9,001; 9,672)[a](#hep41049-note-0011){ref-type="fn"}
  Associated with diagnoses for HCV/liver disease but not EHMs (nonoverlapping claims)   140 ± 12                                                       7,665 ± 136                    7,525 (7,252; 7,777)[a](#hep41049-note-0011){ref-type="fn"}      6,343 (6,111; 6,559)[a](#hep41049-note-0011){ref-type="fn"}
  Associated with diagnoses for both EHMs and HCV/liver disease (overlapping claims)     101 ± 13                                                       3,984 ± 121                    3,884 (3,586; 4,162)[a](#hep41049-note-0011){ref-type="fn"}      3,703 (3,453; 3,940)[a](#hep41049-note-0011){ref-type="fn"}

*P* \< 0.05.

Any of the specific EHMs listed in the category.

Abbreviation: GERD, gastroesophageal reflux disease.

The mean annual EHM‐related costs in the HCV and no‐HCV cohorts were \$17,416 and \$6,550, respectively (Table [3](#hep41049-tbl-0003){ref-type="table-wrap"}). In both cohorts, the majority of the EHM‐related costs (77% and 98% of the EHM‐related costs, respectively) were related to nonoverlapping claims (i.e., claims associated with diagnosis codes for EHMs, without any diagnosis for liver disease). After adjustment for potential confounders, including comorbid liver disease, EHM‐related costs remained significantly higher for the HCV than the no‐HCV cohort, both overall (unadjusted and adjusted cost differences, \$10,866 and \$6,458, respectively; *P \< *0.05 for both) and in the subset of nonoverlapping claims (unadjusted and adjusted cost differences, \$6,982 and \$5,104, respectively; *P \< *0.05 for both; Table [3](#hep41049-tbl-0003){ref-type="table-wrap"}). Similar to the all‐cause cost, the divergence between the unadjusted and adjusted cost‐difference estimates was largely driven by the adjustment for liver diseases, which were more prevalent in patients with HCV than those without HCV (29% versus 0%). With an adjusted mean difference of \$4,024 per patient per year (*P* \< 0.05; Table [3](#hep41049-tbl-0003){ref-type="table-wrap"}), kidney disease was the main driver of the higher EHM‐related costs.

###### 

ECONOMIC BURDEN BY TREATMENT STATUS SHOWING CHARGED MEDICAL COSTS IN TREATED VERSUS UNTREATED PERSON‐TIME

                                                                                          Weighted Mean Medical Costs per Patient per Year (2016 US\$)   Weighted Two‐Part Regression                                                                    
  --------------------------------------------------------------------------------------- -------------------------------------------------------------- ------------------------------ ---------------------------------------------------------------- ----------------------------------------------------------------
  Total all‐cause medical costs                                                           39,659 ± 571                                                   54,240 ± 1,018                 14,581 (11,416; 18,035)[a](#hep41049-note-0014){ref-type="fn"}   24,834 (21,220; 29,007)[a](#hep41049-note-0014){ref-type="fn"}
  EHM‐related cost, any EHM (Table [1](#hep41049-tbl-0001){ref-type="table-wrap"})        13,933 ± 428                                                   21,916 ± 711                   7,983 (5,685; 10,554)[a](#hep41049-note-0014){ref-type="fn"}     12,773 (10,092; 16,660)[a](#hep41049-note-0014){ref-type="fn"}
  Associated with diagnoses for EHMs, but not HCV/liver disease (nonoverlapping claims)   9,552 ± 307                                                    15,943 ± 560                   6,391 (4,571; 8,051)[a](#hep41049-note-0014){ref-type="fn"}      8,238 (6,069; 11,011)[a](#hep41049-note-0014){ref-type="fn"}
  Associated with diagnoses for both EHMs and HCV/liver disease (overlapping claims)      4,381 ± 276                                                    5,973 ± 335                    1,592 (125; 3,064)[a](#hep41049-note-0014){ref-type="fn"}        1,500 (236; 2,909)[a](#hep41049-note-0014){ref-type="fn"}
  EHM‐related cost, selected specific EHMs                                                                                                                                                                                                               
  Cardiovascular disease[b](#hep41049-note-0015){ref-type="fn"}                           3,506 ± 136                                                    5,308 ± 259                    1,801 (1,045; 2,722)[a](#hep41049-note-0014){ref-type="fn"}      2,124 (1,176; 3,467)[a](#hep41049-note-0014){ref-type="fn"}
  Metabolic conditions                                                                    1,857 ± 51                                                     2,888 ± 100                    1,031 (699; 1,406)[a](#hep41049-note-0014){ref-type="fn"}        1,497 (1,077; 1,946)[a](#hep41049-note-0014){ref-type="fn"}
  Kidney disease[b](#hep41049-note-0015){ref-type="fn"}                                   6,849 ± 395                                                    11,841 ± 517                   4,992 (2,776; 7,153)[a](#hep41049-note-0014){ref-type="fn"}      7,707 (4,955; 10,803)[a](#hep41049-note-0014){ref-type="fn"}
  Auto‐immune conditions[b](#hep41049-note-0015){ref-type="fn"}                           142 ± 13                                                       394 ± 46                       252 (143; 361)[a](#hep41049-note-0014){ref-type="fn"}            354 (205; 548)[a](#hep41049-note-0014){ref-type="fn"}
  Malignancy[b](#hep41049-note-0015){ref-type="fn"}                                       943 ± 85                                                       1,291 ± 138                    348 (−96; 709)                                                   717 (219; 1,221)[a](#hep41049-note-0014){ref-type="fn"}
  Neuromuscular manifestations[b](#hep41049-note-0015){ref-type="fn"}                     541 ± 14                                                       617 ± 47                       77 (−60; 267)                                                    43 (−61; 143)
  Depression                                                                              559 ± 26                                                       696 ± 34                       137 (−11; 278)                                                   158 (10; 326)[a](#hep41049-note-0014){ref-type="fn"}
  GERD                                                                                    1,008 ± 34                                                     1,761 ± 386                    753 (346; 1,361)[a](#hep41049-note-0014){ref-type="fn"}          880 (430; 1,520)[a](#hep41049-note-0014){ref-type="fn"}
  HCV and/or hepatic complications‐related cost                                           14,086 ± 379                                                   16,871 ± 504                   2,785 (898; 4,793)[a](#hep41049-note-0014){ref-type="fn"}        3,790 (1,950; 5,916)[a](#hep41049-note-0014){ref-type="fn"}
  Associated with diagnoses for HCV/liver disease but not EHMs (nonoverlapping claims)    9,705 ± 227                                                    10,897 ± 318                   1,193 (67; 2,195)                                                1,929 (846; 2,959)[a](#hep41049-note-0014){ref-type="fn"}
  Associated with diagnoses for both EHMs and HCV/liver disease (overlapping claims)      4,381 ± 276                                                    5,973 ± 335                    1,592 (125; 3,064)[a](#hep41049-note-0014){ref-type="fn"}        1,500 (236; 2,909)[a](#hep41049-note-0014){ref-type="fn"}

*P* \< 0.05.

Any of the specific EHMs listed in the category.

Abbreviation: GERD, gastroesophageal reflux disease.

HCV and/or hepatic complications‐related costs were also higher in the HCV compared to the no‐HCV cohort, both overall and in the subset of nonoverlapping claims (adjusted cost differences, \$9,366 and \$6,343, respectively; *P \< *0.05 for both).

IMPACT OF TREATMENT ON EHM‐ASSOCIATED MEDICAL COSTS {#hep41049-sec-0016}
---------------------------------------------------

Treatment significantly mitigates the economic burden from HCV/hepatic complications and EHMs. Compared with the treated cohort, the untreated cohort incurred higher average annual total all‐cause medical costs per patient (\$54,240 versus \$39,659), corresponding to an unadjusted mean difference of \$14,581 and an adjusted mean difference of \$24,834 (*P \< *0.05 for both; Table [4](#hep41049-tbl-0004){ref-type="table-wrap"}). The divergence between the two cost‐difference estimates was largely driven by the adjustment for liver diseases; because liver disease is more prevalent in treated than untreated patients (48% versus 22%), there are more excess costs due to liver disease in the treated than untreated cohort. As a result, the cost savings associated with treatment (i.e., the cost difference between untreated and treated patients) are lower in unadjusted analyses than in adjusted analyses.

The mean annual EHM‐related costs in the untreated and treated cohorts were \$21,916 and \$13,933, respectively (Table [4](#hep41049-tbl-0004){ref-type="table-wrap"}). In both cohorts, the majority of the EHM‐related costs (73% and 69% of the EHM‐related costs, respectively) were related to nonoverlapping claims. After adjustment for potential confounders, including comorbid liver disease, EHM‐related costs remained significantly higher for the untreated than the treated cohort, both overall (unadjusted and adjusted cost differences, \$7,983 and \$12,773; *P \< *0.05 for both) and in the subset of nonoverlapping claims (unadjusted and adjusted cost differences, \$6,391 and \$8,238, respectively; *P \< *0.05 for both; Table [4](#hep41049-tbl-0004){ref-type="table-wrap"}). Similar to all‐cause cost, the divergence between the unadjusted and adjusted cost‐difference estimates was largely driven by the adjustment for liver diseases, which were more prevalent in treated than untreated patients (48% versus 22%). With an adjusted mean difference of \$7,707 per patient per year (*P* \< 0.05; Table [4](#hep41049-tbl-0004){ref-type="table-wrap"}), kidney disease was the main driver of the higher EHM‐related costs.

HCV and/or hepatic complications‐related costs were also higher in the untreated compared to the treated cohort, both overall and in the subset of nonoverlapping claims (adjusted cost differences, \$3,790 and \$1,929, respectively; *P \< *0.05 for both).

IMPACT OF TREATMENT IN EARLIER VERSUS LATER FIBROSIS STAGES ON EHM ASSOCIATED MEDICAL COSTS {#hep41049-sec-0017}
-------------------------------------------------------------------------------------------

Treatment initiated in early fibrosis stages significantly mitigates the economic burden from HCV/hepatic complications and EHM. Compared with the early treatment cohort (fibrosis stages F0‐F2), the delayed‐treatment cohort (fibrosis stages F3‐F4) incurred higher average annual total all‐cause medical costs (\$52,782 versus \$26,582), corresponding to a statistically significant adjusted mean difference of \$21,078 (*P \< *0.05; Table [5](#hep41049-tbl-0005){ref-type="table-wrap"}).

###### 

ECONOMIC BURDEN BY LIVER DISEASE STAGE TREATMENT SHOWING CHARGED MEDICAL COSTS IN EARLY (FIBROSIS F0‐F2) VERSUS DELAYED‐ (FIBROSIS F3‐F4) TREATMENT COHORTS

                                                                                         Weighted Mean Medical Costs per Patient per Year (2016 US\$)   Weighted Two‐Part Regression                                                                    
  -------------------------------------------------------------------------------------- -------------------------------------------------------------- ------------------------------ ---------------------------------------------------------------- ----------------------------------------------------------------
  Total all‐cause medical costs                                                          26,582 ± 345                                                   52,782 ± 794                   26,200 (18,964; 33,604)[a](#hep41049-note-0017){ref-type="fn"}   21,078 (14,782; 27,929)[a](#hep41049-note-0017){ref-type="fn"}
  EHM‐related cost, any EHM (Table [1](#hep41049-tbl-0001){ref-type="table-wrap"})       8,423 ± 289                                                    20,522 ± 605                   12,100 (6,749; 18,689)[a](#hep41049-note-0017){ref-type="fn"}    10,409 (5,215; 15,299)[a](#hep41049-note-0017){ref-type="fn"}
  Associated with diagnoses for EHMs but not HCV/liver disease (nonoverlapping claims)   7,773 ± 287                                                    11,955 ± 373                   4,183 (39; 8,725)[a](#hep41049-note-0017){ref-type="fn"}         3,722 (--688; 7,200)
  Associated with diagnoses for both EHMs and HCV/liver disease (overlapping claims)     650 ± 22                                                       8,567 ± 463                    7,917 (4,688; 12,529)[a](#hep41049-note-0017){ref-type="fn"}     6,080 (4,154; 9,311)[a](#hep41049-note-0017){ref-type="fn"}
  EHM--related cost, selected specific EHMs                                                                                                                                                                                                             
  Cardiovascular disease[b](#hep41049-note-0018){ref-type="fn"}                          2,593 ± 100                                                    4,072 ± 169                    1,478 (--337; 3,376)                                             560 (--3,227; 3,490)
  Metabolic conditions                                                                   1,064 ± 30                                                     2,325 ± 58                     1,262 (698; 1,947)[a](#hep41049-note-0017){ref-type="fn"}        880 (336; 1,606)[a](#hep41049-note-0017){ref-type="fn"}
  Kidney disease[b](#hep41049-note-0018){ref-type="fn"}                                  2,669 ± 262                                                    12,276 ± 572                   9,607 (4,467; 16,007)[a](#hep41049-note-0017){ref-type="fn"}     10,896 (6,057; 44,719)[a](#hep41049-note-0017){ref-type="fn"}
  Auto--immune conditions[b](#hep41049-note-0018){ref-type="fn"}                         132 ± 18                                                       153 ± 11                       21 (--105; 160)                                                  --65 (--437; 97)
  Malignancy[b](#hep41049-note-0018){ref-type="fn"}                                      811 ± 50                                                       1,112 ± 103                    300 (--732; 1,433)                                               1,601 (--2,885; 208,404)
  Neuromuscular manifestations[b](#hep41049-note-0018){ref-type="fn"}                    522 ± 10                                                       568 ± 11                       47 (--112; 191)                                                  81 (--61; 216)
  Depression                                                                             404 ± 15                                                       827 ± 41                       423 (--10; 841)                                                  392 (33; 1,067)[a](#hep41049-note-0017){ref-type="fn"}
  GERD                                                                                   1,230 ± 43                                                     988 ± 36                       --241 (--704; 199)                                               --365 (--1,001; 217)
  HCV and/or hepatic complications--related costs                                        4,652 ± 72                                                     24,080 ± 605                   19,429 (14,800; 24,798)[a](#hep41049-note-0017){ref-type="fn"}   16,343 (12,662; 20,400)[a](#hep41049-note-0017){ref-type="fn"}
  Associated with diagnoses for HCV/liver disease but not EHMs (nonoverlapping claims)   4,002 ± 68                                                     15,513 ± 348                   11,511 (8,828; 14,286)[a](#hep41049-note-0017){ref-type="fn"}    10,294 (8,072; 12,721)[a](#hep41049-note-0017){ref-type="fn"}
  Associated with diagnoses for both EHMs and HCV/liver disease (overlapping claims)     650 ± 22                                                       8,567 ± 463                    7,917 (4,688; 12,529)[a](#hep41049-note-0017){ref-type="fn"}     6,080 (4,154; 9,311)[a](#hep41049-note-0017){ref-type="fn"}

*P* \< 0.05.

Any of the specific EHMs listed in the category.

Abbreviation: GERD, gastroesophageal reflux disease.

The mean annual EHM‐related costs in the delayed‐treatment and early treatment cohorts were \$20,522 and \$8,423, respectively (Table [5](#hep41049-tbl-0005){ref-type="table-wrap"}). In both cohorts, the majority of the EHM‐related costs (58% and 92%, respectively) were related to nonoverlapping claims. After adjustment for potential confounders, including comorbid liver disease, EHM‐related costs remained higher for the untreated than the treated cohort. Cost‐difference estimates reached statistical significance in overall analyses (unadjusted and adjusted cost differences, \$12,100 and \$10,409, respectively; *P \< *0.05 for both) and in the unadjusted analysis of nonoverlapping claims but not in the adjusted analysis of nonoverlapping claims (unadjusted and adjusted cost differences, \$4,183 and \$3,722, respectively; *P \< *0.05 and *P* = 0.13, respectively; Table [5](#hep41049-tbl-0005){ref-type="table-wrap"}). With an adjusted mean difference of \$10,896 per patient per year (*P* \< 0.05; Table [5](#hep41049-tbl-0005){ref-type="table-wrap"}), kidney disease was the main driver of the higher EHM‐related costs.

HCV and/or hepatic complications‐related costs were also higher in the untreated compared to the treated cohort, both overall and in the subset of nonoverlapping claims (adjusted cost differences, \$16,343 and \$10,294, respectively; *P \< *0.05 for both).

Discussion {#hep41049-sec-0018}
==========

This large U.S. claims data study found that patients with HCV have higher EHM risks (adjusted OR for any EHM, 2.23) and all‐cause and EHM‐related medical costs (adjusted annual cost differences, \$13,933 and \$6,458, respectively) than patients without HCV. Furthermore, HCV treatment can reduce the higher medical costs in patients with HCV by saving ∼\$25,000 in all‐cause medical costs per patient per year, with a large proportion attributable to savings in EHM‐related medical costs (adjusted cost difference compared to patients without HCV, \$12,773). Considering that the wholesale acquisition cost of a 12‐week course of treatment with DAA ranges from \$55,000 to \$147,000,[22](#hep41049-bib-0022){ref-type="ref"} results of this study suggest the cost of a curative DAA treatment could be offset within 3 to 6 years by savings in all‐cause medical costs, which are mostly accounted for by chronic EHM and hepatic conditions. Importantly, initiating HCV therapy in early rather than late‐stage fibrosis is associated with a cost savings of ∼\$21,000 annually in all‐cause medical costs, including ∼\$10,000 EHM‐related costs.

A strength of the current study is the inclusion of a comprehensive set of HCV‐related EHMs, including well‐documented EHMs (e.g., CVD, kidney disease) as well as several EHMs that have drawn little attention in the published literature (e.g., psoriasis, fibromyalgia, celiac disease, irritable bowel syndrome, and gastroesophageal reflux disease). To the best of our knowledge, this is the first study that used real‐world data to directly compare medical costs, and in particular EHM‐related medical costs, between patients with and without HCV, treated and untreated, and patients who initiated treatment in early versus late stages of fibrosis. We found that EHMs pose a high clinical and economic burden on patients with HCV and that treatment, in particular treatment initiated at early fibrosis stages, could result in medical cost savings by allowing patients to avoid or delay the onset of clinically risky and economically costly EHMs. These results may be particularly relevant to inform therapeutic and policy decisions.

Given that kidney disease was the most costly EHM identified in the current study, substantial savings in medical costs could be achieved by initiating treatment early in patients with HCV and with or at risk of developing kidney disease. In light of this evidence, the kidney toxicity profile of different DAAs may be considered for selecting therapy in this particular population. Even though some EHMs investigated in this study were associated with a smaller excess in medical costs, their contribution to the overall costs should not be underestimated given the high number of HCV‐infected individuals in the United States and the compounding effect of these conditions over time. It should also be noted that there is a substantial clinical burden of EHMs from the patient\'s perspective irrespective of the economic burden accrued to the health care system.

Results of the current study are consistent with the literature with respect to EHM‐related risks and costs. A 2016 meta‐analysis by Younossi et al.[18](#hep41049-bib-0018){ref-type="ref"} also found that HCV is an independent risk factor for developing nine EHMs investigated, including chronic kidney disease, end‐stage renal disease, CVD, stroke, lymphoma, and depression. While some differences were observed between the study by Younossi et al. and the current study in the proportion of patients with specific EHMs, these are likely due to methodological differences between the two studies. Because Younossi et al. combined clinical trial and observational studies from multiple countries, their estimates for the proportion of patients with specific EHMs may be driven by disease prevalence variations across countries, differences in criteria used to define the EHMs across the studies included in the meta‐analysis, and differences in the underlying populations considered.

Similar to findings from the current study, Younossi et al.[18](#hep41049-bib-0018){ref-type="ref"} found that EHMs are associated with a substantial economic burden in patients with HCV. When compared to the current study, EHM‐specific medical costs were similar for some EHMs (e.g., CVD, \$4,066\$ in Younossi et al. versus \$4,387 in the current study) but different for other EHMs (e.g., depression, \$2,201 versus \$610). The most likely explanation for these observed differences is related to the methodology and input sources used to estimate medical costs. Younussi et al. used an economic model based on Medicare costs and assumptions for the outpatient and inpatient services utilization, whereas charged amounts from the actual patients' medical claims were used in the current study. Despite these differences, both studies highlight the substantial impact that EHMs have on the overall economic burden of HCV. Furthermore, both studies point to kidney disease as one of the most costly HCV‐related EHMs.

Other previous U.S. studies that have considered medical costs associated with HCV focused on either all‐cause or HCV/hepatic complications‐related costs and, similar to the current study, showed that the excess medical costs of patients with HCV are substantial. Davis et al.[14](#hep41049-bib-0014){ref-type="ref"} found an excess all‐cause cost of \$15,510 for patients with HCV in the first year postdiagnosis using 2002‐2006 claims data from commercial, Medicare, and Medicaid payers. McCombs et al.[16](#hep41049-bib-0016){ref-type="ref"} found an excess all‐cause cost of \$23,406 in the first year postdiagnosis using 2003‐2008 claims data from commercial payers; Khoury et al.[23](#hep41049-bib-0023){ref-type="ref"} estimated the costs of hepatic complications ranging from \$585 to \$1,110 per year for patients with compensated cirrhosis to \$201,110 per year for patients with liver transplantation. Despite differences in study periods, data sources, and methodologies employed, estimates from these previous studies appear to be consistent, although generally higher, compared with those from the current study for all‐cause and HCV/hepatic complications‐related medical costs (adjusted cost difference, \$13,933 and \$9,366 per patient per year, respectively). Finally, while no other previous study has directly compared EHM‐related medical costs between patients who initiated treatment in early versus late fibrosis stages, previous economic models did suggest higher medical costs for hepatic complications among patients in later fibrosis stages compared to those in earlier fibrosis stages.[15](#hep41049-bib-0015){ref-type="ref"}, [24](#hep41049-bib-0024){ref-type="ref"}

Findings from the present study should be interpreted in light of its limitations. First, despite sample matching and covariate adjustment in the analyses, residual confounding may persist. In particular, claims data do not include information on behavioral factors, such as injectable drug use, which may be more common in the HCV cohort. However, many injectable drug users are uninsured or have government‐supported health insurance[25](#hep41049-bib-0025){ref-type="ref"} and may not be captured in this cohort of patients with commercial insurance. Second, due to the chronic nature of HCV, there may be a lag between HCV infection and diagnosis. If some of the patients included in the no‐HCV cohort were HCV infected but not yet diagnosed, this would underestimate the OR of EHMs, leading to conservative estimates of the risk of EHM among patients with HCV. Third, medical costs were analyzed as charged amounts because paid amounts were not available. While the medical charges may overestimate the paid amounts, this probably affects the study cohorts equally and should not change the conclusion of higher medical costs among patients with HCV. However, a longer time may be needed to offset the cost of treatment than that estimated in the current study. Fourth, in this data set, one medical claim can be associated with several diagnoses, with no indicator for the primary diagnosis. Thus, the same medical cost may be attributed to more than one EHM or to both EHM and HCV/hepatic complications, resulting in costs overlapping and being counted twice when calculating hepatic and EHM‐specific costs. However, statistical adjustment separates effects at the patient level, and the stratification by nonoverlapping/overlapping claims provides more transparency on how EHM‐related costs are distinct from the costs related to liver disease. Furthermore, the results are robust with regards to indicating lower costs for treated patients compared to untreated patients for all cost categories investigated, and all‐cause cost is unaffected by this limitation. Fifth, fibrosis stage was only measured for patients followed by providers that contributed laboratory data, and these patients may not be representative of the full sample. Similarly, our sample of commercially insured patients may not be representative of the broader HCV population. Sixth, fibrosis stage measured by APRI may be less accurate than the gold standard of liver biopsy. Seventh, the HCV cohort only included patients with at least two diagnoses of chronic HCV. The practice of requesting two or more diagnoses is common in claims‐based studies.[17](#hep41049-bib-0017){ref-type="ref"}, [26](#hep41049-bib-0026){ref-type="ref"}, [27](#hep41049-bib-0027){ref-type="ref"}, [28](#hep41049-bib-0028){ref-type="ref"}, [29](#hep41049-bib-0029){ref-type="ref"}, [30](#hep41049-bib-0030){ref-type="ref"}, [31](#hep41049-bib-0031){ref-type="ref"} Given that an HCV diagnosis is sometimes recorded when HCV tests are ordered, this criterion was applied to ensure that the HCV cohort did not include HCV‐free patients. While patients with no physician follow‐up after their first HCV diagnosis were excluded from the study, individuals who incorrectly received an HCV diagnosis that was subsequently not confirmed were successfully excluded. Lastly, claims data might be subject to coding errors or omissions, potentially resulting in patient misclassification.

This study found that HCV is associated with high EHM risks and EHM‐related medical costs. However, it is possible to significantly reduce this clinical and economic burden through viral eradication, especially if treatment is initiated early and not delayed until fibrosis advances.
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